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I, James Yate Johnson, a British Sub- 
ject, of 47, Lincoln's Inn Fields, in the 
County of London, Gentleman, do hereby 
declare the nature of this invention 

5 (which has been communicated to me 
from abroad by I. G. Farbenindustne 
Aktiengesellschaft, of Frankf or^on-Mam, 
Germany, a Joint Stock Company organ- 
ized under the Laws of Germany) 

10 to be as follows : — ■ 

My foreign correspondents have found 
that cycloaliphatic ketones can be c ana- 
lytically oxidised to di-oarboxylic acids 
which are obtained in very good yields by 
carrying out the reaction in the liquid 
phase by means of oxygen or a gas con- 
taining oxygen, such as air or air enriched 
in oxygen, for example containing 50 per 
cent of oxygen, in the presence of oxida- 

on tion catalysts. # 

The reaction may be carried out at 
atmospheric presure or at a pressure above 
atmospheric pressure, provided the forma- 
tion of explosive mixtures is avoided ; the 

„- partial pressure of the oxygen should, 

*° accordingly, not exceed about o, prefer- 
ably about 4 atmospheres. Thus for ex- 
ample, when air is employed, the reaction 
mav be carried out at a pressure up to 

30 about 20 atmospheres, whereas a pressure 
up to' about 5 atmospheres may be em- 
ployed when oxygen is used as the oxidis- 
ing agent. 

As examples of ketones which may be 
subjected to the oxidation according to 

^ the' present invention there may be men- 
tioned cyclopentanone, cyclohexanone, 
inethyl-eyclohexanone, and like ketones. 

Cy'clopentanone yields glutaric acid, 
cyclohexanone yields adipic acid, and 

40 methylcyclohexanone yields methyl adipic 
acid. 

The oxidation catalysts which may be 
employed for carrying out the present in- 
vention comprise solid metals capable 

45 of forming compounds with different 
valencies and having an atomic weight 
between about 50 and about 200, such as 
for example vanadium, chromium, man- 
ganese, iron, cobalt, nickel; copper, 

SO molybdenum, the rare earths such as 
cerium, praseodymium, neodymium, 
lanthanum, samarium and the terbium 
earths, tungsten, plat inum, iridium and 



osmium and gold. These metals may bo 55 
added to the . reaction mixture in the 
metallic, finely divided state, preferably 
in the form of powders, or also m the 
form of their oxides, carbonates, 
chlorides, sulphates, or carboxylases such 6Q 
as formiates, acetates, propionates, 
stearates, oleates, tartrates or also m the 
form of their enolates, such as acetyl 
acetonates. Among these catalysts man- 
ganese and cobalt are especially useful, 6& 
preferably in the form of their formates, 
acetates or acetylacetonates. Mixtures of 
several of these catalysts may also be em- 
ployed, for example a mixture of cobalt 
and manganese in the form of their ace- ^ 
tates and/or acetylacetonates. 

Very small amounts of the aforesaid 
oxidation catalysts are sufficient for 
carrying out the reaction. Thus, for 
example about 0.01 per cent, by weight of 75 
the ketone, of the catalyst is sufficient for 
a marked oxidation ; usually, the catalysts 
are, however, used in an amount of from 
about 0.1 to about 1 per cent by weight 
of the ketone, quantities such as 2, 3, 5 or 
10 per cent, or evermore, being, however, 
also used if so desired. 

As stated above, the oxidation is car- 
ried out in the liquid phase. ^ This means 
that the ketones are oxidised in the 
liquid or dissolved state. Solvents 
which may be employed for dissolving 
the ketones are for example carboxylic 
acids containing from 1 to 3 carbon atoms, 
such a» formic acid, acetic acid and pro- 
pionic acid, and methyl or ethyl esters of 
these acids. Halogenated hydrocarbons 
such as carbon tetrachloride or chloroben- 
zene may also be employed as the solvents. 
All these solvents are practically inert to 
the oxidation and capable of dissolving 
the initial ketones. Glacial acetic acid 
is however, the preferred solvent to be 
emploved. The use of acetic or formic 
acid is especially advantageous when the iqO 
catalyst is employed in the metallic state, 
because the metal is then readily dis- 
solved. In order to initiate the reaction 
it is preferable to add a small amount, 
such as 1 per cent by weight of the ketone, l0 £ 
of acetic acid or another of the afore- 
said acids, also when the reaction is car- 
ried out in the absence of solvents. 
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The reaction, is ^iftiallj tanM WLt 

at temperatures between about 50° and 
about 120° Centigrade, preferably be- 
tween about 75° and 105° Centigrade. It 
5 is usually carried out by heating the reac- 
tion mixture to the aforesaid tempera* 
tures in order to initiate the reaction ; 
after some time heating is no longer neces- 
sary since the heat evolved maintains the 
iO mixture at the reaction temperature. 
Sometimes cooling may even become 
necessary in order to avoid too complete 
oxidation. 

. The oxidation may be ejected for ex- 

15 ample by blowing oxygen, or gaseous mix- 
tures containing oxygen, such as air, into 
the liquid or dissolved ketone heated to 
about boiling point of the ketone or of the 
solvent to which ketone or solution there- 

20 of an. oxidation catalyst has been added 
and which is situated" in a vertical long 
cylindrical vessel provided with a reflux 
condenser. It is advantageous to dis- 
perse the oxidising gas as finely as pos- 

25 sible, as for example by employing finely 
porous glass filter plates (fritted glass 

-~ particles) and filler bodies, such as shav- 
ings or, especially bodies of the kind 
known as Raschig rings. The reaction 

.30 vessel is constructed from materials re- 
sistant to the components of the reaction 
and, if -necessary, pressure-tight. Such 
materials are for example ceramic masses, 
glass or metal alloys such as chrome- 

35 nickel steels, or nickel alloys free front 
iron. Similarly, the tiller bodies may be 
made from the" same resisting materials. 
It is advantageous to add a small amount 
of an acid, preferably acetic acid, to the 

£0 ketone at the start, since in this case the 
reaction commences immediately, 

"When carrying out the reaction with 
ketones having a boiling point below the 
reaction temperature working^ under in- 

■43 creased pressure is necessary in order to 
keep the ketone in the liquid phase. It 
is, however, also possible in this case to 
dissolve the ketone in a solvent, having a 
higher boiling point, such as glacial 

50 acetic acid, in which case the reaction 
may also be carried out at atmospheric 
pressure, the use of an increased pressure 
■ - being, however, also possible. 

The process proceeds in a particularly 

55 advantageous manner when acetic^ acid 
together with the catalyst is first intro- 
duced into the oxidation vessel, the 
ketone to be oxidised beinp introduced 
.graduallv into the acetic acid solution nr 

60 other dispersion while simnltaneouslv 
leading in oxygen or air. TVorkini* in 



tage that the process may be carried out 
at temperatures up to the boiling point of 
the acid employed for dispersing the cata- 65 
lyst without the employment of increased 
pressure. At the same time the yield is 
especially favourable. It is preferable to 
introduce the ketone, the solvent if such 
be employed, and the catalyst into the 70 
vessel and to carry out the oxidation as 
a hatch process. 

The waste gas formed during the oxida- 
tion contains but a little carbon dioxide 
and a little aldehyde, such as aeetakle- 75 
hyde which is formed as an intermediate 
product in the reaction ; the gas may be 
used for farther oxidations, if desired, 
after washing out the aldehyde and the 
carbon dioxide, for example with the aid gO 
of an aqueous solution of a caustic alkali, 
such as caustic soda or caustic potash, if 
desired after separating the aldehyde by 
cooling. 

The following. Examples will further 
illustrate the nature of this invention but 
the invention is not restricted to these 
Examples. 

Example 1. 

A mixture of 98 grams of cyclo- qq 
hexanone with 100 grams of glacial acetic 
acid and 0.1 gram of manganese acetate is 
introduced into the vessel described in 
Example 1, After heating the vessel to 
about 100° Centigrade a current of air 95 
is introduced through the glass filter at 
the rate of 25 litres per hour. After n 
hours the oxidation is interrupted ami 
the unaltered cyclohexanone is distilled 
off together with the acetic acid, the di*- 
1 illate being then subjected again to oxi~ lul * 
dation. Adipie acid is thus obtained i« 
a yield corresponding to 8Q per cent of 
the cyclohexanone employed. 

Example 2. . n ~ 

A solution of 112 grams of methyl luo 
cyclohexanone in 100 grams of glacial 
acetic acid is oxidised in the manner de- 
scribed in Example 3, after the addition 
of 0.1 gram of manganese acetate, the re- . 
action temperature being, however. 80° 11U 
Centigrade. The yield in methyl artip:o 
acid is 74 per cent calculated on thr* 
methyl cyclohexanone employed. 



Dated this 17th day of starch, 1933. 

j. y. & a. w. lororsoisr, 

47. Lincoln's Tnn Fields. London, 
W.O. 2, 
Agents. 
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COMPLETE SPECIFICATION. 



Improvements in the Catalytic Oxidation of Ketones. 



I, James Yate Johnson, a British. Sub- 
ject, of 47, Lincoln's Inn Fields, in the 
County of London, Gentleman, do hereby 
declare the' nature of this invention 
5 (which has been communicated to me 
from abroad by I. G. Faihenindustrie 
Aktiengesellschaft, of Fraukfort-on-Main, 
Germany, a Joint Stock Company organ- 
ized under the Laws of Germany) 
10 and in what manner the same is to be 
performed, to be particularly described 
iiiid ascertained in and by the following 
statement 

My foreign correspondents have found 

£5 that cycloaliphatic ketones can be cata- 
lytically oxidised to dicarboxylic acids 
which are obtained in very good yields 
by carrying out the reaction in the liquid 
phase by means of oxygen or a gas con- 

20 taining^ oxygen, such as air or air en- 
riched in oxygen, for example containing 
50 per cent of oxygen, in the presence of 
oxidation catalysts. 

The reaction may be carried out at 

2~ atmospheric pressure or at a pressure 
above atmospheric pressure, provided the 
formation of explosive mixtures is 
avoided.; the. partial pressure of the oxy- 
gen should, accordingly, not exceed about 

30 5, preferably about 4 atmospheres. Thus 
for example, when air is employed, the 
reaction may be carried out at a pressure 
up to about 20 atmospheres, whereas a 
pressure up to about 5 atmospheres may 
be employed when oxygen is used "as the 
oxidising agent. 

As examples of ketones which may be 
subjected to the oxidation according to 
the present invention there may be men- 

*0 tioned cyclopentanone, cyclohexanone, 
niethyl-cyclohexanone and like ketones. 
Cyclo-pentanone yields glutaric acid, 
cyclohexanone yields adipic acid, and 

,„ methylcyelohexanone yields metlryl adipic 
acid. 

The oxidation catalysts which may be 
employed for carrying out the present in- 
vention comprise, solid metals capable of 
forming compounds with different valen- 

50 cies and having an atomic weight between 
about 50 and about 200. such as for ex- 
ample vanadium, chromium, manganese, 
iron, cobalt, nickel, copper, molybdenum, 
the rare earths such as cerium praseody- 

55 mium, neodymium, lanthanum, samarium 
and the terbium earths, - tungsten, plati- 
num, iriditim and osmium and gold. 
These metals may be added to the reaction 
mixture in the metallic, finelv divided 

60 state, preferably in the form of powders, 
or also in the form of their oxides, car- 



bonates, chlorides, sulphates, or carboxy- 
lases stich as formates, acetates, pro- 
pionates, stearates, oleates, tartrates or 
also in the form of their enolates, such as 
acetyl acetonates. Among these catalysts 
manganese and cobalt . are especially use- 
ful, preferably in the form of their 
formates, acetates or acetylacetonates. 
Mixtures of several of these catalysts ma,y 
also be employed, for example a mixture 
of cobalt and manganese in the form of 
their acetates and/ or acetjKLacetonates, 

Very small amounts of the aforesaid 
oxidation catalysts are sufficient for 
carrying out the reaction. Thus, for ex- 
ample about 0.0.1 per cent, by weight of 
the ketone, of the catalyst is sufficient for 
a marked oxidation ; usually, the catalysts 
are, however, used in an amount of from 
about 0.1 to about 1 per cent by weight 
of the ketone, quantities such as 2, 3, 5,. 
or 10 per cent, or even more, being, how- 
ever, also used if so desired. 

As stated above, the oxidation ^ is car- 
ried out in the liquid phase. This means 
that the ketones are oxidised in the liquid 
or dissolved state. Solvents which may 
be employed tor dissolving the ketones are 
for example carboxylic acids containing 
from 1 to 3 carbon atoms, such as formic 
acid, acetic acid and propionic acid, and 
methyl or ethyl esters of these acids-. 
Halogenated hydrocarbons such as car- 
bon tetrachloride or chlorobenzene may 
also be employed as the solvents. All 
these solvents are practically inert to the 
oxidation and capable of dissolving the: 
initial ketones. Glacial acetic acid, is, 
however, the preferred solvent to be em- 
ployed. The use of acetic or formic acid 
is especially advantageous when the cata- 
lyst is employed in the metallic state*, 
because the metal is then readily dis- 
solved. In order to initiate the reaction 
it is preferable to add a small amount, 
such as 1 per cent by weight of the ketone - 
of acetic acid or another of the aforesaid 
acids, also when the reaction is carried out 
in the absence of solvents. 

The reaction is generally carried out at 
temperatures between about 50° and about 
120° Centigrade, preferably between 
about 75° and 105° Centigrade. It is 
usually carried out by heating the reac- 
tion mixture tq the" aforesaid temperatures 
in order to initiate the reaction : after 
some time heatins\is ho^Ioncrer neeessarv 
since the heat evolved maintains the mix- 
ture., at thf* reaction temuerafrnre. Some- 
times cooling mav even become necessary 
in order to avoid top complete oxidation. 
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The oxidation may be effected for ex- 
ample by blowing oxygen, or gaseous 
mixtures containing oxygen, such as air/ 
into the liquid or dissolved ketone heated 
5 to about boiling point o£ the ketone or of 
the solvent/ to which ketone or solution 
thereof an oxidation catalyst has been 
added and which is situated in a vertical' 
long cylindrical vessel provided with a 
iO reflux condenser. It is advantageous to 
disperse the oxidising gas as finely as pos- 
sible, as for example by employing finely 
porous glass filter plates (fritted glass 
particles) and filler bodies, such as shav- 
15 ings or, especially bodies of the kind 
known as Kaschig rings. The reaction 
vessel is constructed from materials resis- 
tant to the components of the reaction 
aad, if necessary, pressure-tight. Such 
20 materials are for example ceramic masses, 
glass or metal alloys such a chrome-nk\kel 
steels, or nickel alloys free from iron. 
Similarly, the filler bodies may be made 
from the same resisting materials- It is 
25 advantageous to add a small amount of 

an acid, preferably acetic acid, to the 

ketone at the start, since in this case the 
reaction commences immediately. 

When carrying out the reaction with 
30 ketones having a boiling point below the 
reaction temperature working under in- 
creased pressure is necessary in order to 
keep the ketone in the liquid phase. It 
is, however, also possible in this case to 
dissolve the ketone in a solvent having 
a higher boiling point, such as glacial 
acetic acid, in w^ich case the reaction 
may also be carried out at atmospheric 
pressure, the tise of an increased pressure 
being, however, also possible. 

The process proceeds in a particularly 
advantageous manner when acetic acid to- 
gether with the catalyst is first introduced 
» g into the oxidation vessel, the ketone to be 
oxidised being introduced gradually into 
the acetic acid solution or other disper- 
sion while simultaneously leading in oxy- 
gen or air. Working in the last-men- 
^ ft tioned manner has the advantage that the 
process may be carried out at- temjpera- 
i-ares up to the boiling point of the^Vlcid 
employed for dispersing the catalystrwith- 
out the employment of increased pres- 
kp- sure. At the same time the- yield is 
55 especially favourable. It is preferable to 
introduce the ketone, the solvent if such 
be employed, and the catalyst into the ves- 
sel and to carry out the oxidation as a 
batch process. 
130 The waste gas formed during the oxida- 
tion contains but a little carbon dioxide 
and a little aldehyde, such as acet alde- 
hyde which is formed as an intermediate 
product in the reaction ; the gas may be 
$5 used for further oxidations, if desired, 
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after washing out the aldehyde and the 
carbon dioxide, for example with the aid 
of an aqueous solution of a caustic alkali. 
s*uch as caustic soda or caustic potash, if 
desired after separating the aldehyde by ™ 
cooling. 

The following Examples will further 
illustrate bow the said invention maj" be 
tarried out in practice but the invention 
is not restricted to these Examples. " 5 
Example 1. 

A mixture of 98 grams of cyclo- 
hexanonc with 100 grams of glacial acetic - 
acid and 0.1 jrrani of manganese acetate 
is introduced into a cylindrical vessel of 80 : 
chrome-nickel steel having an inner dia- 
meter of 5,5 centimetres and a height of 
35 centimetres and the bottom of which is 
provided with a porous glass filter. After 
heating the vessel to about 100° Centi- 85 
grade a current of air is introduced 
through the glass filter at the rate of 25 
litres per hour. After 5 hours the oxida- 
tion is interrupted and the unaltered 
eyclohexanone is distilled oK together 90 
with the acetic acid, the distillate being 
then subjected again to oxidation. 
Adipic acid is thus obtained in a yield 
corresponding to 80 per cent of the eyclo- 
hexanone employed. 95 
Example 2. 

A solution of 112 grams of . methyl 
eyclohexanone in 100 grams of glacial 
acetic acid is oxidised in the manner de- 
scribed in Example 1, after the addition 
of 0.1 gram of manganese acetate, the re- 100 
action temperature being, however, 80° 
Centigrade. The yield in methyl adipie 
acid is 74 per cent calculated on the 
methyl eyclohexanone employed. 

Having now particularly described 105 
and ascertained the nature of my said 
invention and in what manner the same 
is to be performed, I declare that what I 
claim is : — 

1. A process for the production of di- 110 
carboxylic acids which consists in sub- 
jecting a cycloaliphatic ketone to oxida- 
tion in the liquid phase by means of oxy- 
gen or a gas containing oxygen iif the 
presence of oxidation catalysts. 115 

2. The process for the catalytic oxida- 
tion of cycloaliphatic ketones substan- 
tially as described in each of the fore- 
going Examples. 

3. "Dicarboxylic acids when prepared in j^O 
accordance with the process particularly 
described and ascertained or its obvious 
chemical equivalents. 

Pated this 7th dav of March, 1934. 
J. Y. & G. W. JOHNSON, 
47; Lincoln's Inn Fields, London, 
W.C. 2, 
Agents. 
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